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SUMMARY 
The or i e n t a t i n g effects of f l u o r i n e , chlorine and hydrogen i n 
polyhaloaromatic systems undergoing nucleophilic attack, are compared by 
measuring the rates of su b s t i t u t i o n by ammonia i n polyhalopyridines at 25°, 
the solvent system being 60/40 dioxan/water. 
Rate constant measurements indicate that the a c t i v a t i n g influence of 
f l u o r i n e , w i t h respect to the point of nucleophilic attack, i s i n the order 
ortho > meta » para:- 31:23:0.26 respectively, r e l a t i v e to hydrogen at the 
same position,. These r e s u l t s , together with rate constants f o r the reactions 
of a series of hydrofluoropyridines w i t h sodium methoxide i n methanol at 50°, 
which had been measured previously, lead to the conclusion that s u b s t i t u t i o n 
i n polyfluoroaromatic compounds occurs at a po s i t i o n where the number of 
ortho and meta f l u o r i n e atoms (the a c t i v a t i n g f l u o r i n e s ) , i s maximised. The 
ac t i v a t i n g e f f e c t of a meta f l u o r i n e i s a t t r i b u t e d to the. inductive 
s t a b i l i s i n g e f f e c t of the negative charge, by f l u o r i n e , i n the t r a n s i t i o n 
state. That of an ortho f l u o r i n e i s accounted for by the hard/soft acid/base 
theory. 
The a c t i v a t i n g influence of chlorine w i t h respect to the point of 
nucleophilic attack i s found to be i n the order ortho > meta > para I - 77:24: 
6.9 respectively, r e l a t i v e to hydrogen at the same posi t i o n . The explanation 
f o r the high a c t i v a t i n g effects of the ortho and meta chlorines i s similar 
to that given for f l u o r i n e i n the same positions. 
Relative to the para p o s i t i o n , the a c t i v a t i n g influence of f l u o r i n e 
i s thus determined as ortho meta:para:- 199:88:1, while that of chlorine i s 
determined as ortho:meta:para:- 13:3.5:1. Hence, f o r the chlorine series, 
the effects at each of the three positions are very s i m i l a r , much more so 
than f o r the f l u o r i n e series. 
Measurement of rate constants of various mono-substituted fluorobenzenes 
i n the ammonia/dioxan/water system at 25° and at 90°, are i n accordance wi t h 
what was expected from considerations of charge d i s t r i b u t i o n i n the t r a n s i t i o n 
state. ' NOg, CN, pentafluorophenyl, CI, and Br are a l l a c t i v a t i n g w i t h respect 
to f l u o r i n e i n hexafluorobenzene and hydrogen i n pentafluorobenzene. 
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1. 
INTRODUCTION 
Mechanism of Nucleophilic Attack i n Polyfluoroaromatic Compounds 
Nucleophilic aromatic s u b s t i t u t i o n reactions i n 'activated 1 
systems appear to occur most commonly by a bimolecular process. When 
the aromatic nucleus contains electron withdrawing groups, nucleophilic 
s u b s t i t u t i o n reactions occur f a i r l y r e a d i l y , and frequently show second 
order k i n e t i c s , which i s i n d i c a t i v e of a bimolecular mechanism. The 
reaction probably proceeds as a two-step process, i n which the 
attacking nucleophile forms a f u l l y bonded intermediate w i t h the 
aromatic system, the negative charge being delocalised i n the r i n g , as 
i n ( I ) . 
X Nuc X 
Hue + 
( i ) 
The c e r t r a l carbon atom i s sp* hybridised, and hence structure ( I ) 
i s an intermediate, not a t r a n s i t i o n state. Therefore, the mechanism i s 
a two-step addition-elimination process, w i t h two t r a n s i t i o n states 
(T.S.I and T.S.2), one on each side of the intermediate complex. This 
can be represented by an energy p r o f i l e diagram (Figure 1.1). 
Ener< '33 T.S.1. 
X.S, 
I.S. - I n i t i a l State 
I.C. - Intermediate Complex 
F.S. - Final State 
Reaction Co-ordinate-
Figure 1.1, 
2. 
The structures of T.S.I and T.S.2 may be represented as ( I I ) and ( I I I ) 
respectively. 
( I I ) ( I I I ) 
The r e l a t i v e energies of the two t r a n s i t i o n states depend upon the 
reaction. The rate-determining step i s formation of the intermediate, 
i f the energy of T.S.I i s greater than that of T.S.2. However, i f the 
energy of T.S.2 i s greater than t h a t of T.S.I, then the dissociation 
of the intermediate i s the r a t a - l i m i t i n g step. 
Evidence f o r the two-step addition-elimination mechanism 
( i ) I s o l a t i o n of intermediates 
Intermediate'complexes of Similar structure to ( I ) have been 
i s o l a t e d . Meisenheicier^ isolated a red s a l t on the addition of 
potassium ethoxide to 2,4,6-trinitroanisole, and assigned the following 
structure to i t ( I V ) . 
A; (IV) 
I n favourable cases, the. intermediates i n s u b s t i t u t i o n reactions 
nay be observed spectroscopically. Thus, i n more recent work, the *H 
3. 
nuclear magnetic resonance spectrum of a complex represented as (V), 
has been reported i n the reaction of 2,4,-dinitro-l-naphthyl e t h y l 
2 
ether w i t h piperidine i n dimethyl sulphoxide. 
NCc H 5 "10 
NO 
i i 
(V) 
• __ NP X 
The v i s i b l e spectra of 1-fluoro-2,4-dinitrobenzene i n reaction 
w i t h the sodium s a l t of d i e t h y l malonate i n dimethyl sulphoxide 
indicate i n i t i a l f a s t formation of an intermediate, thought to have 
s t r u c t u r e ( V I ) , and slower formation c f products; a k i n e t i c analysis 
3 
has been made. 
CH(COOEt) 
NO 
MO* (VI) 
( i i ) Leaving group m o b i l i t i e s 
I n nucleophilic aromatic s u b s t i t u t i o n reactions, the observed ease 
of displacement of halide i s i n the order F » C 1 >fir > I . This i s the 
4 
reverse order of the carbon-halogen bond strengths. Therefore, the 
reactions cannot be accounted f o r by a concerted one-step mechanism, 
as i n a l i p h a t i c SN2 s u b s t i t u t i o n , i n which bond breaking i n the 
t r a n s i t i o n state results i n the reaction rate being proportional t o 
the carbon-halogen bond strength. The order of mobility i n such a 
case i s I >Br >C1 >F 5. -
4, 
I f .the rate determining step does not involve the breakage o f 
any carbon-halogen bonds, the reaction must be occurring as an 
addition-elimination process, i n which the rate of formation of the 
intermediate i s the r a t e - l i m i t i n g step.** 
I f the rate of formation of the intermediate i s rate determining, 
the o v e r a l l rate of reaction w i l l depend upon the rate of formation 
of the carbon-nucleophile bond. This would be expected to be greater 
f o r f l u o r i d e than fo r the other halide compounds, as f l u o r i n e i s more 
electronegative, 7 and i n the i n i t i a l state of the molecule, i t 
polarises the carbon-halogen bond to a greater extent than do the 
other halogens. The increased p o s i t i v e charge on the carbon atom 
8 9 
w i l l increase the rate of nucleophilic attack. ' 
Position of Substitution by Nucleophiles i n Polyfluoroarcmatlc 
Compounds 
Nucleophilic s u b s t i t u t i o n i n hexafluorobenzene has been investigated, 
and monosubstituted products were obtained w i t h methoxide i o n s , ^ ' ^ 
hydroxide i o n s , ^ 2 ' ^ amines,* 4 and ammonia.^ 
I n monosubstituted pentafluorobenzenes, (C,F CX), s u b s t i t u t i o n has 
o J 
been found to occur almost exclusively at the pos i t i o n para to X when 
Xwas H 1 4CH 3 1 6, CF 3 1 7' 1 8, CN 1 9, C ^ , 2 0 C^, 2 1 S C 6 H 5 » 2 2 c l » B r o r 
19 -23 I . Attack occurred at the meta p o s i t i o n , when X was NHn or 0 . 
24 25 26 
Ortho attack occurred when X was NO or NO^  ' and the nucleophile was 
ammonia or an amine. 
Rationalisation of Position of Substitution i n Terms of the I n e f f e c t 
I n order to explain the p o s i t i o n of nucleophilic attack i n poly-
fluoroaromatic compounds, the charge d i s t r i b u t i o n i n the t r a n s i t i o n 
5. 
state,, and the effects on that charge by substituents, have been 
27 28 
considered. ' The t r a n s i t i o n state i s represented by structures 
( V I I ) , ( V I I I ) and ( I X ) . Hue Nuc Nuc o o r 
P F F 
( V I I ) ( V I I I ) ( I X ) 
I t has been,proposed that the t r a n s i t i o n state of the rate »€ 
l i m i t i n g step i n nucleophilic s u b s t i t u t i o n , has a structure i n which 
the charge i s almost t o t a l l y on the atom para to the position of 
attack. ( V I I ) and (IX) contribute only a small part towards t h i s 
s t r u c t u r e , i n which ( V I I I ) i s most s i g n i f i c a n t . 
The evidence f o r t h i s charge d i s t r i b u t i o n has been obtained from 
29 
molecular o r b i t a l calculations, and from the orientation of attack 
27 
i n pentafluorobenzene and the three tetrafluorobenzenes. Nucleophilic 
attack i n these four compounds occurs i n the positions arrowed. 
H IS IS o H H 
(X) (XL) ( X I I ) ( X I I I ) 
Attack occurs only para to a hydrogen atom, i n compounds (X), (XI) and 
( X I I ) . I t has been suggested that f l u o r i n e i s less capable of s t a b i l i s i n g 
a negative charge on an a-carbon, than i s hydrogen. Substitution does 
not occur at the ortho p o s i t i o n , i n d i c a t i n g that there i s a non-equal 
d i s t r i b u t i o n of charge i n the t r a n s i t i o n state, at the positions ortho 
and para to tha point of attack. 
Effects of substituents 
Substituents i n polyfluoroaromatics, which are more e f f e c t i v e . 
than f l u o r i n e i n s t a b i l i s i n g negative charge, would be expected to 
d i r e c t the attacking nucleophile para to themselves, i f the assumption 
i s made that most of the charge i n the t r a n s i t i o n state i s on the 
carbon atom para to the po s i t i o n of s u b s t i t u t i o n . This o r i e n t a t i o n i s 
generally found. L*i' L*>' i 7 , 1 5 » 2 1 » 2 2 O r t h o replacement occurs to a 
lesser extent, and diminishes i n the order:- C,FCC1 > C,FcBr > 
19 C^Fc1 ~C,FJH. This i s ra t i o n a l i s e d i n terms of the electronic o J o J 
e f f e c t which involves electron repulsion by halogens i n jt-electron 
systems. The f a i r l y high percentage of ortho s u b s t i t u t i o n f o r the 
reactions o£ pentafluoronitrobenzene w i t h amines has been 
a t t r i b u t e d to hydrogen bonding between the n i t r o group aod the amine, 
26 
when attack occurs at the ortho position. 
Halogen substituents often destabilise a negative charge on an 
30 
a carbon atom i n the order:- F >C1 > Br > I ~ H, especially when 
the geometry of tlie carbanion i s planar. This order has been 
30 
a t t r i b u t e d to the I n e f f e c t , which occurs i n a n system, and i s a 
measure of the repulsion between the lone pair electrons of the halogens 
and the negative charge on the carbon atom. The I n e f f e c t f o r halogens 
i s i n the opposite d i r e c t i o n to the - I o e f f e c t , which r e s u l t s from 
t h e i r e l e c t r o n e g a t i v i t i e s . I t i s , however, i n the same d i r e c t i o n as 
t h e i r 4M e f f e c t s , but has not the same magnitude. 
lie repulsion occurs as a r e s u l t of coulombic i n t e r a c t i o n between 
the electrons on an a carbon atom, and the non-bonded electron pairs on 
the halogen. This i n t e r a c t i o n occurs more rea d i l y f o r f l u o r i n e than 
f o r the other halogens, as the f l u o r i n e atom i s small, and hence the 
7. 
I K e f f e c t i s greater f o r f l u o r i n e than f o r the other halogens. As the 
halogen size increases, the i n t e r a c t i o n decreases, so therefore the 
lie e f f e c t i s diminished. 
. Figure 1.2 represents the I K e f f e c t i n the t r a n s i t i o n state f o r 
a nucleophilic s u b s t i t u t i o n reaction. I t i s a t a maximum i n aromatic 
2 
systems, as planar sp geometry i s enforced. The greater the amount 
of charge on the carbon, the greater i s the I n e f f e c t . 
Figure 1.2. 
The order of s t a b i l i t y i n the t r a n s i t i o n states, (XIV) to ( X V I I I ) 
has been postulated from consideration of lie interactions 
H B 0 
Hug Hue Hue 
(XIV) (XV) (XVI) (XVII) ( X V I I I ) 
This explains why s u b s t i t u t i o n i n the compounds leading to the 
t r a n s i t i o n states shown, occurs at the para p o s i t i o n . 
8. 
PRESENT WORK 
The rate constants of the compounds studied, considered together 
31 
w i t h work done e a r l i e r by J.S. Waterhouse at Durham University, and 
Studies on fluorobenzenes at Birmingham University, allow an 
32 
al t e r n a t i v e r a t i o n a l i s a t i o n to be b u i l t up. This w i l l be 
summarised l a t e r , but the following r e s u l t s have been obtained i n 
the present study. 
TABLE ( i ) 
Substrate Position of Substitution k ( l mole"^min~^) 
,a 
4 
(3.55*0.01)xl0~ 4 
(4.26*0.01)xlO - 2 
(1.47*0.02)xl0~ 2 a 
(2.72*0.02)xlO~ 2b 
F F F F 
4' 
Ha 
(5.09*0.09)xl0" 5 
(1.19*0.04)xl0 _ 1 
(1.25*0.01)xl0"* 4 
9. 
Substitution k ( l mole" min" ) 
4° (8.88±0.15)xlO~5 
4 C very slow 
a Reaction w i t h ammonia i n 60/40 dioxan/water at ~25°C 
b Reaction w i t h ammonia i n 80/20 dioxan/water at ~ 25°C 
c Reaction w i t h ammonia i n 80/20 dioxan/water at ~90°C 
Activa t i n g Influence of Fluorine i n J r ' o l y f l u o r o p y r i d i n e s i n Nucleophilic 
Substitution Reactions w i t h Ammonia 
. Rates of nucleophilic s u b s t i t u t i o n i n various polyfluoropyridines 
have been studied to compare the p o s i t i o n a l e f f e c t s of f l u o r i n e r e l a t i v e 
33 
to hydrogen. Rate constant measurements f o r the reactions of various 
hydrofluoropyridines w i t h ammonia i n dioxan/water (60:4u, v:v) a t 25°C, 
indicate that the a c t i v a t i n g influence of f l u o r i n e , w i t h respect to the 
po s i t i o n of nucleophilic attack, i s i n the order ortho >meta »para: 
31:23:0.26, respectively, r e l a t i v e to hydrogen at the same po s i t i o n . 
Table 1 shows the r a t i o s of the measured rate constants f o r 
reactions of some fluoropyridines w i t h ammonia i n aqueous dioxan 
(60:40) at 25 a, the positions of attack being arrowed. 
Substrate Position of 
F O 
Br 
H 
10. 
TABU 1 
(A) (B) (C) (D) (E) 
Bate constants 1 3.26xlo" 2 4.31xl0 - 2 2.28xlo" 3 8.70xlO - 3 ~10 
r e l a t i v e to (A) ,b 
8.63x10"J 
a « Rate constant f o r attack I n 4-position 
b * Rate constant f o r attack I n 6-position 
c » Approximate value due to slowness of the reaction 
The e f f e c t of an o r t h o - f l u o r i n e , r e l a t i v e to the p-inL of 
nucleophilic attack, i n comparison w i t h hydrogen at the same p o s i t i o n , 
can be obtained by comparing the rate constants f o r attack a t the 4-
p o s i t i o n i n compounds (A) and (B). S i m i l a r l y , the influence of a 
meta-fluorine i s obtained by comparing the rate constants f o r attack 
« 
a t the 4-position i n compounds (A) and (C), and comparison of rate 
constants f o r attack at the 6-position i n compounds (D) and (E), gives 
the para-effect. The r a t i o s of the three pairs of rate constants, and 
the o v e r a l l ortho:meta:para r a t i o i s shown below:-
^/kH (ortho) «= 31 
^/kH (meta) = 23 
^/kH (para) = 0.26 
k(A)/k(B) -
k(A)/k(C) = 
k(D)/k(E) = 
Rationalisation of Rate and Orientation of Substitution i n 
Hydrofluoropyridinea 
When the results given i n Table 1 are interpreted, the 
assumption i s made that reaction occurs i n two stages, w i t h the formation 
of the intermediate delocalised anion (9) as the r a t e - l i m i t i n g step. 
This usually occurs when f l u o r i n e i s displaced from aromatic systems 
and f u r t h e r evidence that addition i s the rate determining stage, i s _ . 
the f a c t that attack i n (D) occurs w i t h displacement of f l u o r i n e , even 
though attack occurs exclusively at the 4-position i n (A). I f the 
second stage were rate-determining, chlorine would be expected to be 
displaced from (D) 
fclH 0 I + NH N 
(G) 
+ HF 
E f f e c t of f l u o r i n e para- to po s i t i o n of attack 
That a para-fluorine i s s l i g h t l y deactivating with respect t o 
hydrogen at the same p o s i t i o n , i s a t t r i b u t e d to the fact that i n the 
t r a n s i t i o n state the inductive electron withdrawal by f l u o r i n e i s 
strongly o f f s e t by .electron-pair repulsion, as i n (H). 
N(/C (H) 
E f f e c t of f l u o r i n e taeta- to p o s i t i o n of attack 
Fluorine i n the p o s i t i o n meta- to the point of s u b s t i t u t i o n i s 
12. 
a c t i v a t i n g w i t h respect to meta-hydrogen, because of the inductive 
s t a b i l i s i n g e f f e c t of the negative charge, by f l u o r i n e , i n the 
t r a n s i t i o n state ( I ) . 
N 
H ( I ) N 
E f f e c t of f l u o r i n e ortho- to p o s i t i o n of attack 
I t would be expected that i n the t r a n s i t i o n state, inductive 
electron withdrawal by an ortho- f l u o r i n e atom, would be balanced 
by electron p a i r repulsions, as i n the case of a para-fluorine, and 
hence the e f f e c t s of an ortho f l u o r i n e and a para-fluoride would be. 
expected to be very s i m i l a r . However, t h i s i s not the case, as ortho-
f l u o r i n e i s found to be more a c t i v a t i n g than meta-. Therefore, there 
must be some non-conjugative e f f e c t a r i s i n g from f l u o r i n e a t the ortho-
p o s i t i o n . An e a r l i e r explanation of the a c t i v a t i n g e f f e c t of an ortho-
fluorine,, was that i t was due to an i n i t i a l - s t a t e p o l a r i s a t i o n of the 
sigma electrons by f l u o r i n e , r e s u l t i n g i n enhanced p o s i t i v e charge at 
the point of s u b s t i t u t i o n , thereby allowing easier approach of the 
32 
nucleophile. 
Hue 
(J) 
N 
However, the e f f e c t i s probably accounted for by the hard/soft 
acid/base t h e o r y , ^ the carbon atom under attack being made harder, so 
13. 
that attack by a r e l a t i v e l y hard nucleophile, such as ammonia, i s made 
easier. This could be described as a t r a n s i t i o n - s t a t e e f f e c t , as 
represented by (K). 
Nwe, 
N (K) 
The order of a c t i v a t i n g influence os substituent f l u o r i n e atoms 
w i t h respect to the p o s i t i o n of nucleophilic attack) ortho > meta » para, 
leads to an explantion of the c o n t r o l l i n g influence of those aubstituents 
on the o r i e n t a t i o n of nucleophilic s u b s t i t u t i o n i n pentafluoropyridine. 
The r i n g nitrogen atom activates the system to a s i g n i f i c a n t extent, 
•and discriminates between the 2- and the 4- po s i t i o n . Evidence f o r t h i s 
i s provided from attack on 4-chloropyridine and 2-ehloropyridine by 
methoxide ion. Although 4-chloropyridine i s more reactive than 2-
chloropyridine, the r a t i o of the rate constants at 50 C i s 26.9. 
« 
Therefore, the e f f e c t s both of the f l u o r i n e substituents, and 
of the r i n g nitrogen, govern the po s i t i o n of nucleophilic 
s u b s t i t u t i o n i n polyfluorcpyridines, the number of a c t i v a t i n g f l u o r i n e 
atoms being maximised. Hence, attack by nucleophiles on pentafluoro-
p y r i d i n e , (A), results i n s u b s t i t u t i o n exclusively a t the 4-position, 
as the number of a c t i v a t i n g f l u o r i n e atoms, two ortho- and two meta-, 
i s a t a maximum. 
Nucleophilic attack occurs at both the 4- and the 6- positions i n 
2,4,5,6-tetrafluoropyridine (B), as opposed to exclusive 4-attack i n 
(A). The explanation f o r t h i s divided attack i s that there are the 
same number of a c t i v a t i n g f l u o r i n e atoms f o r each of the two positions. 
j 4 ac^ivWing v acorns 
3 a c t i v a t i n g 
(A) F atoms 
Substituent e f f e c t s of f l u o r i n e were examined e a r l i e r , a t 
Birmingham University, by measuring rate constants of a series of hydro-
fluorobenzenes reacting w i t h sodium methoxide i n methanol at 50°C. 
Comparison of these rate constants, indicate that i n t h i s system, t h e " 
a c t i v a t i n g influence of f l u o r i n e w i t h respect to"the point of nucleophilic 
32 
attack, i s met a > ortho » para. 
Table 2 shows the r a t i o s of the rate constants f o r some' f l u o r o -
benzenes, reacting w i t h sodium methoxide i n methanol at 50°C, arrows 
i n d i c a t i n g the points of attack. 
F 
CD 
Relative rate 
constants 0.75 
The e f f e c t of f l u o r i n e ortho- to the positio n of attack, i n 
comparison w i t h hydrogen a t the same p o s i t i o n , can be obtained by 
comparing the rate constants f o r attack at the 4-position i n (M) and 
.00. The comparison shows that ortho f l u o r i n e has a s i g n i f i c a n t 
a c t i v a t i n g e f f e c t . A s i m i l a r comparison of the rate constants f o r 
attack i n compounds (M) and (0) indicate that f l u o r i n e i s a c t i v a t i n g 
w i t h respect to hydrogen, at the pos i t i o n meta- to the point of 
nucleophilic attack. The e f f e c t of a para-fluorine can be obtained 
by comparing the rate constants f o r attack i n compounds (L) and (M). The 
re s u l t s imply that a para f l u o r i n e i s almost equivalent to a para hydrogen. 
•3 a c t i v a t i n g J? atoms ^ 0 H 
3 a c t i v a t i n g 
f atoms (B) 
TABLE 2 
H H 0 o F F H 
(P) GO (N) (0) 
0.8x10 10 2.35x10 
15. 
I n t h i s system, i t can be concluded that the a c t i v a t i n g influence 
of f l u o r i n e atoms i s meta > ortho » para, the o v e r a l l r a t i o being 
167:56:1, respectively. 
Therefore, the ortho/meta r a t i o d i f f e r s f o r the methoxide/methanol 
and the ammonia/dioxan/water systems, the a c t i v a t i n g influence of 
f l u o r i n e atoms i n the l a t t e r system being i n the order ortho > meta » 
a 
para; 119:88:1, respectively. However, i t i s very important that i n 
both systems the or t h o - f l u o r i n e has a large a c t i v a t i n g e f f e c t , whereas 
the para-fluorine has an e f f e c t which d i f f e r s l i t t l e from that of 
hydrogen. Hence, i t . can be concluded that the positions of nucleophilic 
s u b s t i t u t i o n i n polyfluorobenzenes, are controlled by the necessity t o 
maximise the number of a c t i v a t i n g f l u o r i n e atoms. This i s exemplified 
i n the compounds (Q) and (R) below, the positions of attack being 
arrowed. 
F 
F 
I t was formerly postulated,''" that para-fluorine had an important. 
c o n t r o l l i n g e f f e c t , but the r e s u l t s from both the polyfluoropyridines 
'and the polyfluorobenzenes indicate that t h i s p o s i t i o n i s the least 
36 
s i g n i f i c a n t . M i l l e r anticipated the present r e s u l t s by extrapolation 
from o~ values, although no value was available f o r f l u o r i n e i n the 
ortho- p o s i t i o n . 
H 
K 
H 
(Q) ( a ) 
16. 
Orientating Influence of Chlorine Substituents i n Nucleophtlic Aromatic 
Substitution Reactions 
Rates of nucleophilic s u b s t i t u t i o n i n various polyfluoropyridines 
containing chlorine substituents, have been compared, i n order to 
separate the o r i e n t a t i n g e f f e c t s of chlorine atoms when ortho-, meta-
and para- to the po s i t i o n of attack, r e l a t i v e to hydrogen i n the same 
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pos i t i o n . Rate constant measurements f o r the reactions of various 
chlorine-containing polyfluoropyridines w i t h ammonia i n dioxan/water 
(60:40 v:v) at 25°C, indicate that the a c t i v a t i n g influence of 
chlorine w i t h respect to the point of nucleophilic attack, i s i n the 
order ortho >meta >para; 77:24:6.9, respectively, r e l a t i v e to 
hydrogen at the same po s i t i o n . 
Table 3 shows the measured rate constants f o r reactions of son,a 
chloro-fluoro-pyridines w i t h ammonia i n aqueous dioxan at 25°C, the 
positions of attack being arrowed. 
k(X mole'V 1): ~ l x l O ~ 6 (4. 75-0.04)xlO~ 3 (2.22-0. DxlO" 5 (1.92±0.02)xlO 
(5.87-0.3)xl0"5° 
k ( j moie"* ls - 1): (2.93-0.03)xlO~ 5(7.12 +-0.04*10^ (5.92±0.02)xlO*^ (4.87-0.2)xl0' 
(4.10-0.2)xl0" 
a • approximate value f o r k, owing to the slowness of the reaction 
b • Rate constant f o r attack i n 4- p o s i t i o n . 
c • Rate constant f o r attack i n 6- p o s i t i o n 
d » Rate constant f o r attack i n 2- po s i t i o n 
TABLE 3 
4, ;Q: XX ;0" 
( i ) - (ii> , ( " i ) cb Ov)  
:6 ct cc H N 
( v i ) ( v i i ) ( v i i i ) 
17. 
The e f f e c t of an ortho-chlorine r e l a t i v e to the point of 
nucleophilic attack, i n comparison w i t h hydrogen at the same p o s i t i o n , 
canbe obtained by comparing the rate constants fo r attack a t the 4-
po s i t i o n i n compounds ( i ) and ( i i ) , and compounds ( i i i ) and ( i v ) . 
Similar comparison o f the rates of attack at the 4- positio n i n 
compounds (v) and ( v i ) , leads to the e f f e c t of chlorine met a- to the 
point of attack, while the e f f e c t of chlorine para- to the p o s i t i o n o f 
attack i s obtained by comparison of the rate constants fo r attack at 
the 6- pos i t i o n i n compounds ( v i i ) and ( v i i i ) . The r a t i o of each p a i r , 
of rate constants under consideration i s given below:-
k ( i i ) / k ( i ) = kCl/kH (ortho) = 4. 7x l 0 3 i e . 69 per ortho chlorine atom 
k ( i v ) / k ( i i i ) - kCl/fcH (ortho) =" 86 per ortho chlorine atom 
k ( v i ) / k ( v ) • kCl/kH (meta) • 24 per meta chlorine atom 
k ( v i i i ) / k ( v i i ) = kCl/kH (para) =6.9 per para chlorine atom 
Therefore,, the order of the a c t i v a t i n g influence of chlorine, 
r e l a t i v e to the po s i t i o n of nucleophilic attack i s : - ortho-meta:para; 
~ 77:24:6.9, r e l a t i v e to hydrogen a t the same position. Relative to 
the para p o s i t i o n , the r a t i o i s ortho:meta;para; 13:3.5:1, respectively. 
Comparison of the Ac t i v a t i n g Effects of Chlorine Relative to Fluorine 
i n Nucleophilic Aromatic Substitution Reactions 
The order of the a c t i v a t i n g influence of fl u o r i n e r e l a t i v e to the 
pos i t i o n of nucleophilic attack i n , the ammonia/dioxan/water system at 
25°C, i s : 
F ortho : meta : para 
31 23 : 0.26 ( r e l a t i v e to hydrogen) 
(119 88 ; 1 ) ( r e l a t i v e to the para- p o s i t i o n ) 
18. 
The a c t i v a t i n g influence of chlorine f o r the same system i s : 
CI ortho : meta : para 
~77 : 24 : 6.9 ( r e l a t i v e to hydrogen) 
(13 : 3.5 : 1 ) ( r e l a t i v e to the para- po s i t i o n ) 
For the chlorine series, the e f f e c t s at each of the three positions 
are very s i m i l a r , much more so than f o r the f l u o r i n e series. The rate 
constants shown i n Table 4 were obtained under exactly the same 
conditions as those i n Table 3, and comparison of some of the r a t e 
constants included i n the two tables lead to d i r e c t c h l o r i n e / f l u o r i n e 
r a t i o s . 
TABLE 4 
C4J 
( i x ) (x) ( x i ) ( x i i ) 
Constants: (1.30±b.01)xl(f4 (6.80-0.03)xlO~ 4 (1.55-0.01)xlO - 6 (6.47-0.01)xl0~ 4 
(/mole'V 1) ^ 
Attack at the 4- po s i t i o n 
k ( i i ) / k ( x ) - kCl/kF (ortho) = 7.0 i e . 2.6 per ortho chlorine atom 
k ( i v ) / k ( x ) • kCl/kF (ortho) = 2.8 per ortho chlorine atom 
k ( v i ) / k ( x ) • kCl/kF (meta) • 1.05 per meta chlorine atom 
k ( v i ) / k ( x i i ) = kCl/kF (meta) - 0.91 per meta chlorine atom 
k ( x i i ) / k ( x ) » kCl/kF (meta) • 0.97 per meta chlorine atom 
Attack at the 6- (or 2-) pos i t i o n 
k ( v i i i ) ( 6 - ) / k ( x i ) «• kCl/kF (para) • 26.4 per para chlorine atom 
k ( i x ) / k ( v i i i ) (2-) => kCi/kF (para) = 26.7 per para chlorine atom 
k ( i x ) / k ( v i i i ) (6-) - kCl/kF (ortho) =3.2 per ortho chlorine atom 
k ( v i i i ) ( 2 - ) / k ( x i ) - kCl/kF (ortho) " 3 . 1 per ortho chlorine atom 
19 
The r a t i o s of pairs of rate constants f o r the ortho, meta and 
para positions, are very s i m i l a r f o r any one po s i t i o n , leading t o the 
conclusion that i n the ammonia/dioxan/water system, s t e r i c e f f e c t s are 
n e g l i g i b l e , otherwise the ortho r a t i o determined from nucleophilic 
attack at the 4- p o s i t i o n , where there are two adjacent halogenated 
positions, would be very d i f f e r e n t from the r a t i o determined by 2- or 
6-attack, where nitrogen occupies one of the adjacent positions. 
The r e s u l t s also indicate that the e f f e c t s of the halogens are a d d i t i v e , 
otherwise the values would not be i n such close agreement. 
Rationalisation of Rate and Orientation of Substitution i n Chloro-
fluoropyridlnes 
When i n t e r p r e t i n g the results given i n Tables 3 and 4, i t i s 
assumed tha t the t r a n s i t i o n state has the structure previously rhown, 
i n the section where the r e s u l t s of Table 1 are ra t i o n a l i s e d . This 
structure i s repeated below:-
Nuc 
E f f e c t of chlorine para- to p o s i t i o n of attack 
That a para- chlorine i s only approximately 7 times more a c t i v a t i n g 
than hydrogen at the same p o s i t i o n , i s a t t r i b u t e d to the f a c t that i n 
the t r a n s i t i o n state the .normal carbanion s t a b i l i s a t i o n by inductive 
electron withdrawal by chlorine, i s o f f s e t by electron p a i r repulsion. 
20. 
However, i n the case of chlorine, the lone p a i r repulsion does not 
o f f s e t the inductive electron withdrawal to such a great extent as i n 
the case of f l u o r i n e . 
E f f e c t of chlorine meta- to p o s i t i o n of attack 
Chlorine, i n the p o s i t i o n meta- to the point of nucleophilic 
attack, i s a c t i v a t i n g w i t h respect to meta- hydrogen, as the non-
bonded electron repulsion i s i n s i g n i f i c a n t , so that the negative 
charge i s s t a b i l i s e d by inductive electron withdrawal, as indicated 
below. 
Nuc 
CO i i 
Chlorine and f l u o r i n e have a very s i m i l a r a c t i v a t i n g e f f e c t at 
the meta- p o s i t i o n , w i t h respect to hydrogen. The s t a b i l i s i n g 
influences of f l u o r i n e and chlorine on carbanions such as "C-C-X 
(where X=F, CI) i n a saturated system, cannot be e f f e c t i v e l y 
compared, as chlorine i s eliminated, r e a d i l y , however, i n an aromatic 
system such as -^ CKJ-X, i t has been established that f l u o r i n e and 
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chlorine have a s i m i l a r a c i d i f y i n g influence on adjacent hydrogen; 
E f f e c t of chlorine ortho- to p o s i t i o n of attack 
A chlorine atom i n the p o s i t i o n ortho to the p o s i t i o n of 
nucleophilic attack i s a c t i v a t i n g w i t h respect to hydrogen, and i s 
comparable with a f l u o r i n e i n the same position. An explanation of 
t h i s high ortho- e f f e c t has been proposed previously, i n the section 
containing a r a t i o n a l i s a t i o n of the rate and o r i e n t a t i o n of 
21. 
s u b s t i t u t i o n i n hydrofluoropyridines. I n t h i s case, the bond being 
formed between the substrate and the nucleophile would depend p a r t l y 
on the e l e c t r o p h i l i c nature of the carbon being attacked, t h i s being 
increased by the presence of ortho-chlorine atoms. The t r a n s i t i o n state 
i s somewhere between the two structures ( x i i i ) and ( x i v ) shown below. 
( x i i i ) ( x i v ) 
This explanation accounts f o r the f a c t that chlorine and f l u o r i n e i n 
the ortho- p o s i t i o n , have a s i m i l a r e f f e c t . I f t h e . t r a n s i t i o n s t s t e 
was l i k e ( x i i i ) alone, ortho and para-halogens would have a s i m i l a r 
a f f e c t , but the results i n Tables 3 and 4, show that t h i s i s no*: so. 
The e f f e c t s described, lead to a r a t i o n a l i s a t i o n of the 
o r i e n t a t i o n of nucleophilic s u b s t i t u t i o n i n poly chloro-aromatic 
compounds. I n pentachlozobenzene, ( x v ) , nucleophilic s u b s t i t u t i o n 
« 
occurs para- to the hydrogen atom, as para-.attack maximises the 
a c t i v a t i n g influence of the chlorine atoms, the order of a c t i v a t i o n 
being ortho >meta > para. 
4-
When pentachloropyridine, ( x v i ) , undergoes nucleophilic attack, the 
a c t i v a t i n g influence of the chlorine atoms i s maximised i n a s i m i l a r 
way, attack occurring at the 4- pos i t i o n . 
2Z. 
Some Consequences of Orientating Influence of Fluorine I n Nucleophillc 
Substi t u t i o n of Polyfluoro Aromatic Compounds 
Rate constants f o r the reactions of various mono-substituted 
pent afluorobenzenes, compounds of the type C,F_X, wi t h methoxide ion 
O 5 o 38 i n methanol at 60 C, were measured, at Birmingham, Some of the 
re s u l t s are shown i n Table 5, below, the positi o n of attack i n each 
case, being arrowed. 
Relative rate 
constants 
TABLE 5 
F F 
F F 
4.5x10" 0.90 
a Actual r e l a t i v e value = 5.4 
Reactions f o r a fu r t h e r set of CgF^X compounds have been performed, 
and Table 6 below shows the observed rate constants, group I f o r the 
reaction w i t h methoxide ion i n dioxan/methanol (5:1V/V) at 50°C, and 
group I I f o r the'reaction w i t h methoxide ion i n methanol at 50°C. 
2.3x10 
39 
k( Jfnole"" 1s" 1)3.50xl0" 3 
TABLE 6 
GROUP I 
4.00x10 
GROUP I I 
k( j&nole'V"1) 5.02xlO"5 8.66x10 
a = Actual value divided by 6 
6.42x10 
3.70 
3.85x10 
3.45x10 
23. 
From the tables i t can be seen that the substituents CI, Br, I , 
CN, No 2 and CF^, a l l of which are e l e c t r o p h i l i c , d i r e c t the p o s i t i o n 
of nucleophilic attack, para to themselves. This i s i n agreement w i t h 
the postulation i n the previous sections, that i n nucleophilic attack, 
the number of ortho and meta f l u o r i n e s i s maximised, as they have a 
s i g n i f i c a n t a c t i v a t i n g e f f e c t , unlike para- f l u o r i n e . The tables 
show that the CF^, CN and No 2 groups are much more a c t i v a t i n g than 
f l u o r i n e . The present work, involved reaction of the mono substituted 
pentafluorobenzenes w i t h ammonia i n 60/40 dioxan/water at 25°C. The 
r e s u l t s were given previously i n Table ( i ) . The N0 2, CN and penta-
fluorophenyl groups are a l l a c t i v a t i n g w i t h respect to hexafluoro-
benzene and pentafluorobenzene, which react i n t h i s system, at a r i t e 
which i s too slow to measure. The N0 2 and CN groups were expected to 
be a c t i v a t i n g , from considerations of charge d i s t r i b u t i o n i n the 
t r a n s i t i o n s t ate, and t h i s i s i n agreement wi t h the results i n Tables 
5 and 6. 
Decafluorobiphenyl, represented as ( x v i i ) , i s observed to react 
« 
more slowly than pentafluorobenzonitrile ( x v i i i ) by a f a c t o r of 534, 
and more slowly than pentafluoronitrobenzene ( x i x ) by a factor of 2338. 
F F F <X 
F F P 
( x v i i ) 
The rate constants observed f o r the reaction of ( x v i i ) , during each run, 
show no s h i f t , so i t seems l i k e l y that mono-substitution at the p o s i t i o n 
para to one of the pentafluorophenyl groups i s taking place, and that 
4,4 d i - s u b s t i t u t i o n i s u n l i k e l y . 
0 V 
CN NO 
( x i x ) ( x v i i i ) 
24. 
Solvent e f f e c t s 
When the concentration of dipxan i n the solvent was increased from 
60% to 80% s the rate constant f o r the reaction of ( x v i i i ) w i t h ammonia, 
was approximately doubled. 
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I t has been proposed that an increase i n p o l a r i t y of the 
medium makes possible an increase i n reaction rates f o r those reactions 
in.which a larger charge separation, occurs i n the t r a n s i t i o n state ... 
than i n the i n i t i a l state. This s i t u a t i o n would be expected to occur 
i n the nucleophilic s u b s t i t u t i o n reactions with ammonia, but i n f a c t , 
the reaction occurs faster i n the less polar medium. This could be 
due to the i n i t i a l protonation of ammonia-in dioxan/water. 
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KINETIC METHODS AND RATE CONSTANT CALCULATIONS 
Rate constants for the reactions were determined e i t h e r at 25°C 
or 90°C, using ammonia as a nucleophile i n 60/40 dioxan/water. The 
reactions a t 25°C were followed by p e r i o d i c a l l y removing a fixed volume 
from the reaction solution, 'freezing' the sample i n 100 ml. of d i s t i l l e d 
water, and t i t r a t i n g t h i s against standard hydrochloric acid, thus 
determining the concentration of nucleophile remaining. The reactions 
a t 90°C were followed by se a l i n g samples of the reaction solution i n g l ass 
ampoules, which were plunged into ice/water to 'freeze' the reaction:, and 
broken below the l e v e l of 100 ml. of d i s t i l l e d water. This was then 
t i t r a t e d against standard hydrochloric a c i d , as for the reactions at 
25°C. 
The second order rate constants (k ) were obtained from equation 1. 
b / a - 2x \ 
a \ b - x / In a-2b 1. 
where a <= i n i t i a l concentration of nucleophile 
b » i n i t i a l conentration of substrate 
x * concentration of substrate reacted at time t. 
Equation 1 implies that ammonia i s extensively protonated i n 60/40 
dioxan/water. Two molecules of ammonia are required for the reaction of 
one molecule of substrate,'meaning that the equilibrium constant of the 
reaction below l i e s f a r to the r i g h t , r e s u l t i n g i n the formation of the 
ammonium halide s a l t . 
E r r o r s quoted are the 'standard errors of the mean1 ( r ) , and are 
calculated from.the standard deviation ( a ) , by the expression: 
r —^ where n = number of readings 
a i s obtained from the expression:-
r tt\ - k ) 2 V* 
° " L n - l J 
where = the i ' * 1 value of the r a t e constant for a run. ~~~ 
£ « the mean r a t e constant for a run; 
Values of k^ for which (k^ - k) > 2.5 o are r e j e c t e d , and new values of 
£ and a are calculated. 
EXPERIMENTAL 
INSTRUMENTATION 
( i ) For preparative work 
In f r a - r e d spectra were recorded on a Grubb-Parsons 'Spectromaster' 
spectrometer. Liquid samples were i n the form of t h i n contact films 
between potassium bromide plates, and s o l i d samples were pressed into * 
homogeneous t h i n d i s c s with potassium bromide. 
1 19 Proton ( H) and fluorine ( F ) nuclear magnetic resonance spectra 
were recorded on e i t h e r a Varian A56/60D spectrometer, or a Bruker 
at a temperature of about 40°C, the standard temperature of the probe. 
Preparative s c a l e vapour phase chromatography was achieved using a 
Varian 'Aerograph Autoprep instrument using column TXP. A n a l y t i c a l vapour 
phase chromatography was performed on either a Pye 104 Chrom&tograph, or 
a G r i f f i n and George, D6, Gas Density'Balance, using column '0* i n both, 
column 'TXP1 on the Gas Density Balance, and column 'DNP' on the Pye 104. 
Carbon, hydrogen and nitrogen analyses were obtained using a Ferkin-
Elmer 240 Elemental Analyser. 
Mass spectra and molecular weights were obtained using an A.E.I. 
M.S.9 spectrometer, 
( i i ) Rate measurements 
A l l runs were c a r r i e d out i n thermostatted tanks, which were heated 
e l e c t r i c a l l y by filament-type heaters, the temperature being controlled 
to - 0.01°C by contact thermometer. Water was used as l i q u i d i n the- bath 
a t 25°C, and l i s s a p o l was used for the bath at 90°C. The accurate 
temperature of each bath was measured by thermometers standardised to.. 
- 0.02°C by the National Physics Laboratory. 
PREPARATION AND PURIFICATION OF STARTING MATERIALS 
•Solvents 
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(a) Dioxan. The method adopted was that of Vogel . Commercial dioxan 
(2.1 I) was refluxed for 8 hours with concentrated hydrochloric acid (30 m 
and water (168 mi), with a steady stream of nitrogen bubbling through the 
s o l u t i o n to remove acetaldehyde as i t was formed. Sodium hydroxide pellet; 
were then added, with vigorous shaking, u n t i l no more dissolved, and the 
aqueous la y e r was separated o f f . The dioxan layer was l e f t standing over 
f r e s h potassium hydroxide p e l l e t s for a further 20 hours. The aqueous 
la y e r was separated o f f , and the dioxan was refluxed with excess sodium 
for about 24 hours, u n t i l the surface of the sodium was bright. A small 
sample was tested for peroxide by adding potassium iodide solution, 
a c i d i f i e d with d i l u t e hydrochloric acid. No iodine was detected, so 
peroxide was not present. The dioxan was d i s t i l l e d into an oven-dried 
'flask under dry nitrogen. The f r a c t i o n b o i l i n g between 101 - 102°C was 
c o l l e c t e d . ' The residue was destroyed by the addition of methylated s p i r i t 
under nitrogen. When not i n use, the dioxan was stored under nitrogen i n 
a r e f r i g e r a t o r at -5°C. 
(b) Water. D i s t i l l e d water was used as a solvent, and i t s n e u t r a l i t y 
was checked prior to use, by the addition of methyl red i n d i c a t o r . 
Substrates 
Methods of preparation are given for compounds not previously 
synthesised. Those compounds which were commercially obtained, were 
checked for impurities by a n a l y t i c a l v.p.c. 
(a) 3-hydro-4-chlorotrifluoropyridine 
- This was obtained by a two stage preparation, the f i r s t stage being 
the preparation of 3-hydro-4-hydrazino4:rifluoropyridine. 
( i ) 3-hydro-tetrafluoropyridine (16.6 g. 0.11 mole) was added dropwise 
to a s t i r r e d solution of hydrazine hydrate (9 g) i n methanol (30 mi). 
The r e a c t i o n was allowed to proceed at room temperature and was l e f t 
overnight, r e s u l t i n g i n the formation of an orange s o l i d around the edges 
of the f l a s k , and an orange l i q u i d . This was poured into excess? water 
(150 mj&). Diethyl ether (150 mjft) was added, dis s o l v i n g the s o l i d , and 
the two l a y e r s were separated. The aqueous layer was extracted with 
ether (5 x 30 mi), and the ether extracts were added together. The 
ethereal s o l u t i o n was washed s e v e r a l timers with water, and dried over 
anhydrous magnesium sulphate, The ether was removed using a rotary 
evaporator, and the r e s u l t i n g yellow s o l i d was dried using a vacuum l i n e . 
The y i e l d of 3-hydro-4-hydrazinotrifluoropyridine was 13.5 g ( 7 5 % ) . 
( i i ) 3-hydro-4-hydrazinotrifluoropyridine (13 g. 0.08 mole) was added 
slowly to a s t i r r e d solution of copper(II) chloride (80,4 g. 0.60 mole) 
i n concentrated hydrochloric acid (550 ml). The mixture was s t i r r e d at 
room temperature for two -hours, then refluxed for 30 minutes, a f t e r which 
nitrogen ceased to be evolved. The mixture was d i s t i l l e d , and a pale 
yellow l i q u i d came over. The organic l a y e r , which was a deep yellow o i l , 
was separated from the water i n the d i s t i l l a t e . The water layer was 
extracted with ether (3 x 15 mi). The ether extracts were added to the 
organic layer , and the r e s u l t i n g mixture was washed with water and dried 
over anhydrous magnesium sulphate. As the product was expected to be 
quite v o l a t i l e , ether was not removed using a rotary evaporator, but was 
d i s t i l l e d off, using a Vigreux column, leaving a pale yellow l i q u i d . 
Quantitative v.p.c. ( G r i f f i n Gas Density Balance. Column '0'), showed 
that an impurity was present (~ 10%). An attempt wasmade to separate 
the impurity from the desired product using a concentric tube column, 
but complete separation was not achieved, as the two components had very 
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s i m i l a r b o i l i n g points. H and F n.m.r. spectra showed that the 
impurity was 6-chloro-3-hydro-trifluoropyridine, an isomer of the 
desired product. Separation was achieved by preparative v.p.c. 
(Aerograph, Column TXP, 140°C). The p u r i t y of the 3-hydro-4-chloro-
t r i f l u o r o p y r i d i n e was checked at i n t e r v a l s by a n a l y t i c a l v.p.c. 
(Pye 104, Column DNP, 100°C). The y i e l d of compound was 1.032 g ( 8 % ) . 
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. I t was shown to be 3-hydro-4-chloro-trifluoropyridine by H and F 
n.m.r. spectra. B. pt. 128°C. (Found: C 35.9%; N, 8.5%; H, 1%; M, 167. 
C 5C1HF 3N requires C 35.9%; N, 8.4%; H .0.6%. 
(b) 2-chlorotetraflu6ropyridine 
This was prepared in f i v e stages, the f i r s t being the preparation of 
4-hydrazinotetrafluoropyridine. 
( i ) Hydrazine hydrate (18 g) dissolved i n ethanol (125 mjfc)» was added to 
a q u i c k f i t f l a s k , into which pentafluoropyridine (25 g) was added dropwise, 
at room temperature, with s t i r r i n g , over a period of 30 minutes. S t i r r i n g 
was continued overnight,'resulting i n the formation of a white p r e c i p i t a t e . 
The mixture was poured into ice-water, and ether extracted. The e x t r a c t s 
were combined and dried over anhydrous magnesium sulphate, and ether was 
removed, using a rotary evaporator, leaving 4-hydrazinotetrafluoropyridine. 
( i i ) 4-hydrazinotetrafluoropyridine (3 g) was added slowly to a s t i r r e d 
s o l u t i o n of copper(II) bromide (29 g) i n aqueous (50%) hydrogen bromide 
(80 mX). After addition was complete, the mixture was s t i r r e d f or 30 
minutes, then steam d i s t i l l e d , and the aqueous d i s t i l l a t e was ether 
extracted, the ether extracts were combined and dried, and ether was 
removed, leaving 4-bromotetrafluoropyridine (2.9 g 767.). 
( i i i ) 2-hydrazino-4-bromo-trifluoropyridine was prepared by the same 
procedure as stage ( i ) , 4-bromotetrafluoropyridine being added slowly 
to a mixture of hydrazine hydrate i n ethanol. 
. ( i v ) Copper(II) chloride (70 g) was dissolved i n concentrated hydrochloric 
a c i d (650 m£)» and the solution was s t i r r e d at room temperature while 
2~hydrazino-4-bromo-trifluoropyridine was. added, batchwise, over a period 
of 30 minutes. After addition was complete, the mixture was refluxed for 
2 hours, and d i s t i l l e d . The d i s t i l l a t e was ether extracted, the combined 
ext r a c t s were dried and ether was removed. The product was analysed by 
v.p.c. (Eye 104,' Column '0', 150°C), and showed One major component with 
some lower b o i l i n g impurities. These lower-boiling components were removed 
using a concentric tube column. The residue was analysed by v.p.c. and 
found to be 95% 2-chloro-4-bromotrifluoropyridine. 
(v) 2-chloro-4-bromotrifluoropyridine (5 g), sulpholan (30 mi), and caesium 
f l u o r i d e (10 g) were added to a q u i c k f i t f l a s k f i t t e d with a Teflon follower, 
and under nitrogen. The mixture was s t i r r e d a t 100°C and checked hourly by 
v.p.c. (Pye 104, Column '0', 200°C). After 5 hours the r e a c t i o n was complete, 
and the product was transferred from the reaction f l a s k . I t was p u r i f i e d by 
preparative s c a l e v.p.c. (Pye 105, Column '0', 125°C). The y i e l d of product 
was 1 g (27%). This was shown to be 2-chlorotetrafluoropyridine by comparison 
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of I t s i . r . spectrum with that of an authentic sample . 
c ) Pentafluorobenzonitrile 
. The purity of a commercial sample was checked by a n a l y t i c a l v.p.c. 
(Pye 104, Column 'O1, 122°C). . 
d) Decafluorobiphenyl 
The purity of a commercial sample was checked by a n a l y t i c a l v.p.c. 
(Pye 104, Column '0 1, 200°C). 
e) Pentafluoroni trobensene 
The pu r i t y was checked by a n a l y t i c a l v.p.c. (Pye 104, Column '0', 
200°C). 
f ) Bromopentafluorobenzene 
The purity of a commercial sample was checked by a n a l y t i c a l v.p.c. 
(Pye 104, Column 'O1, 200°C). 
g) Chloropentafluorobenzene 
The pu r i t y of a commercial sample was checked by a n a l y t i c a l v.p.c. 
(Pye 104, Column '0', 20p°C) 
h) . Pentafluorobenzene 
The pu r i t y df a sample was checked by a n a l y t i c a l v.p.c. (Pye 104, 
Column r0', 125°C). 
Reagent 
Ammonia. A n a l y t i c a l grade ammonia was used without further treatment. 
METHODS OF RATE MEASUREMENT 
( i ) Reactions at 25°C. 
Stock solutions of ammonia i n water and substrate i n dioxan were 
prepared, us u a l l y being approximately 3.0 moles and 0.5 moles 
re s p e c t i v e l y . 1.5 M ammonia did not react at a s u f f i c i e n t l y f a s t r a t e 
to enable accurate r a t e constants to be determined, with such compounds 
as 3-hydro-4-chloro-trifluoropyridine, and -decafluorobiphenyl. 
Dioxan and water (either 60 ml and 40 ml respectively, or 30 ml 
and 20 ml r e s p e c t i v e l y ) , were pipetted into a conical f l a s k which was 
stoppered and immersed i n a thermostat bath at 24.98°C. The substrate 
solution was also placed i n a stoppered f l a s k i n the thermostat bath. 
These solutions were allowed approximately 15 minutes to a t t a i n the 
temperature of the bath. 5 ml of stock ammonia solution were pipetted 
into the f l a s k containing the dioxan/water mixture, and the contents of 
the f l a s k were mixed. Two 5 ml aliquots of the solution were removed 
separately, quenched i n d i s t i l l e d water (100 ml), and t i t r a t e d against 
'standard hydrochloric acid (usually approximately 0.05 M, but 0.025 M, 
i f the concentration of the ammonia solution used was 1.5 M), using 
methyl red as indicator. Stock solutions-of hydrochloric acid had been 
prepared by d i l u t i n g commercial 0.1 M hydrochloric acid, and these were 
standardised against standard sodium hydroxide solution. The molarity 
of these stock solutions was checked p e r i o d i c a l l y , by t i t r a t i o n with 
standard sodium hydroxide solution. 
From the two*titrations of the samples removed from the reaction 
f l a s k , an i n i t i a l t i t r a t i o n reading for the reaction was c a l c u l a t e d , 
allowing for subsequent d i l u t i o n by the substrate solution. From t h i s , 
the i n i t i a l ammonia concentration was found. 
The reaction was i n i t i a t e d by the addition of 5 ml of substrate 
solution to the reaction f l a s k , the reaction being timed from the f i r s t 
drop of substrate solution to enter the araroonia/dioxan/water mixture. 
The reaction was followed, by p e r i o d i c a l l y removing 5 ml aliquots from 
the reaction solution,quenching i n d i s t i l l e d water (100 ml), the time 
being noted as the l a s t drop was added, as the water 'froze' the r e a c t i o n . 
T i t r a t i o n of these solutions, against standard hydrochloric acid, using 
methyl red indicator, enabled the amount of hucleophile s t i l l remaining 
to be calculated. 
- The i n i t i a l substrate concentration was obtained from a knowledge of 
the weight dissolved i n a c e r t a i n volume of dioxan, 5 mX of which were 
dil u t e d to a t o t a l volume of 100 mX or i n some cases 50 mX. i n the 
r e a c t i o n f l a s k . The second order r a t e constants were calculated as 
described previously. 
Decafluorobiphenyl and bromopentafluorobenzene were insoluble i n 
60/40 dioxan/water, so i n reactions where these compounds were used as 
substrates, the solvent was i n i t i a l l y prepared from 40 ml of dioxan and 
10 mX of water. The r e a c t i o n of pentafluorobenzonitrile with ammonia 
was performed i n both solvent systems i n order to check i f there was any 
s i g n i f i c a n t change i n rate constant i n changing from one solvent system 
to the other. 
I n the reaction with pentafluoronitrobenzene the reaction s o l u t i o n 
was bright yellow and the end point i n the t i t r a t i o n of the r e s i d u a l 
ammonia against standard hydrochloric acid could not be distinguished 
using methyl red as i n d i c a t o r . Phenol red was found to be s u i t a b l e , as 
i n d i c a t o r . 
( i i ) Reactions at 90°C > 
Stock solutions of ammonia i n water and substrate i n dioxan were 
prepared, the concentrations being approximately 6.0 moles X * and 
2.0 moles X~* re s p e c t i v e l y . 
Dioxan (80 ml) and water (20 ml) were pipetted into a f l a s k and 
5 mX of stock ammonia solution were added. After mixing, two 5 mX aliquots 
were removed and were t i t r a t e d against standard hydrochloric acid 
(approximately 0.1 M), using methyl red indicator. 
5 mX of the substrate solution were pipetted i n t o the f l a s k , and 
the solution was mixed. 5 ml aliquots of the reaction solution were 
sealed i n glass ampoules and immersed simultaneously i n the thermostat 
bath at 88.24°C. After IS minutes an ampoule was removed, and plunged 
into an ice/water mixture to stop the reaction. Zero time for the 
reaction was taken as the in s t a n t of immersion in i c e water. The ampoule 
was removed, washed)and broken using a thick glass rod, under the surface 
of 100 mi of water i n a stout glass j a r . The residual ammonia was 
t i t r a t e d against standard hydrochloric acid, using methyl red as indic a t o r 
This t i t r e was taken as the i n i t i a l reading for the run and the i n i t i a l 
ammonia concentration calculated from i t . The reaction was followed by 
removing tubes p e r i o d i c a l l y , plunging them into an ice/water mixture 
( t h i s time being taken as the time of the reading), washing> then breaking 
them under the surface of 100 ml of water.and t i t r a t i n g against standard 
hydrochloric acid. The i n i t i a l substrate concentration was calculated, 
knowing the weight dissolved i n a c e r t a i n volume of dLoxan, 5 ml of which 
were diluted to 100 ml i n the reaction f l a s k . The second order r a t e 
constants, were calculated as previously described. 
IDENTIFICATION OF*PRODUCTS 
After ' i n f i n i t y time* the remainder of reaction solution for each run 
was added to excess water (150 ml) and t h i s solution was ether extracted 
(3 x 20 ml). The ether extracts were combined, washed with water, dried 
over anhydrous magnesium sulphate and ether was removed using a rotary 
evaporator, leaving the product. 
The melting point of the product was determined and i t s mass spectrum 
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i n f r a - r e d and F n.m.r. spectra were obtained. 
35. 
Products from reaction with Ammonia i n Dioxan/Water 
a) With 3-hydro-4-chloro-triflupropyridine. 
After r e c r y s t a l l i s a t i o n from ethanol, the product was a white s o l i d , shown 
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to be 3-hydro-4-chloro-6-aminodifluoropyridine by i t s mass spectrum, F N.M.R. 
spectrum, and by elemental a n a l y s i s . 
M.pt. 103-104°C (Found C, 37.2%; N, 17.2%; H, 2.2%; M ( 3 5 C 1 ) , 164. 
C 5H 3C1F 2N 3 requires C, 36.6%; N, 17.0%; H, 1.8%; M, 164). I.R. spectrum 
No. 3. N.M.R. spectrum No. 2. 
b) With 2-chlorotetrafluoropyridine. 
After r e c r y s t a l l i s a t i o n from ethanol, the product was a white s o l i d , shown 
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to be 2-chloro-4-amihotrifluoropyridine by i t s mass spectrum, F N.M.R. spectrum, 
and by elemental a n a l y s i s . 
M.pt. 118°C (Found C, 33.2%; N, 15.3%; H, 1.0%; M ( 3 5 C 1 ) , 182. C ^ C I F ^ 
requires C, 33.0%; N, 15.4%; H, 1.1%; *M, 182). I.R. spectrum Nc. 5. N.M.R. 
spectrum No. 4. 
c) With pentafluorobenzonitrile. 
After r e c r y s t a l l i s a t i o n from ethanol, cream c r y s t a l s were obtained. 
M.pt. 75°C (Found C, 44.1%; N, 14.6%; H, 1.1%; M, 190. G ^ F ^ requires 
C, 44.2%; N, 14.7%; H, 1.1%; M, 190). I.R. spectrum No. 7. N.M.R. spectrum 
No. 5. 
d) With pentafluoronitrobenzene. 
After r e c r y s t a l l i s a t i o n from ethanol, d u l l red c r y s t a l s were obtained. 
M.pt. 108-109°C (Found C, 34.1%; N, 13.2%; H, 1.2%; M, 210. C ^ O ^ N 
requires C, 34.3%; N, 13.3%; H, 1.0%; M, 210). I.R. spectrum No. 9. 
N.M.R. spectrum No. 6. 
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RATE DATA 
3'»hydro-4-chlorotrlfluoropyridlne + ammonia I n 60/40 dioxan/water at 24.98°C 
TimAv (min) T i t r e (ml) 10 4k(A mole^min 1) 
Run 2 
Time (min) T t t r e (mjt) 1 0 4 k U mole^miiT 1) 
0 25.93 0 21.57 
408 24.75 3.51 1,391 20.57 3.54 
. h 9S3 23.66 3.52 5,646 18.30 3.53 
5, 735 22. XO 3.54 7,075 17.72 3.51 
^58 21.49 3.50 8,512 17.12 3.61 
Mr:.- . 
606 20.92 3.50 9,956 16.69 3.56 
20.40 3.54 11,477 16.23 3.58 
•'m \m 18.86 3,61 15,716 15.22 3.60 
20ol24 18.15 3.57 17,173 15.00 3.53 
1 V ; « 18,656 14.76 3.51 
Run 1 [NH 3 ] o 
[Substrate] 
k 
;Run 2 
fSu 
Me a i k 
wtrate] — : — = - r -
0.2593 M 
0.05006 M 
(3.54 - 0.01) x 10~ 4 I mole^min - 1 
0.2168 M 
0.05033 M-
(3.55 * 0.01) x 10~ 4 I mole^min" 1 
(3.55 - 0.01) x 10" 4 I mole'Snin"1 
3 7. 
Ruri 1 
2-chlorotetrafluoropyridine + ammonia in 60/40 dioxan/water at 25.00°C 
2 -1 -] Time (min) T i t r e (ml) 10 k(A mole rain ") 
0 
: .7.38 
U4.72 
: '4.08 
l ( i l . 2 3 
1:6.25 
1(7.5 
IS 4.23 
25 0.03 
270.97 
19.40 
•18.10 
16.54 
15.33 
14.44 
13.54 
12.94 
12.50 
12.21 
11.68 
Run 1 [NHJ 
Substrate] 
Run 
[ S j b s t r a t e ] 
2. [NH 3] o 
4.29 
4.26 
4.21 
4.22 
4.26 
4.25 
4.29 
4.21 
4.22 
0.2070 M 
0.05003 M 
(4.25 - 0.01) x 10"' I mole' 
Run 2 
Time (min) T i t r e (ml) 10 2k(X mole" 1min" 1) 
0 
16.5 
44.58 
70.5 
95.83 
125.1 
148,'67 
233.67 
264.45 
307.42 
•1 . -1 min 
0,2068 M 
0.05004 H 
(4.26 » 0.01) x 10~ 2 I mole" 1niin" 1 
19.38 
18.14 
16.55 
15.40 
14.57 
13.83 
13.25 
11.99 
11.70 
11.38 
4.32 
4.25 
4.28 
4.24 
4.18 
4.28 
4.29 
4.26 
4.22 
Mean k (4.26 :- 0.01) x 10~ 2 I mole" lmin" 1 
J t f . 
Pentafluorobenzon?.trile + Ammonia In 60/40 Dioxan/Water at 24.98°C 
Run 2 Run 3 
Tims (; min) Titr e ( m l ) 2 - 1 - 1 10 k( I mole min ) Time T i t r a 
2 
10 k Time T i t r e 
2 
10 k 
0 11.27 0 21.93 0 21.92 
40.05 
i 
10. 94 1.43 15.07 21.47 1.43 28.00 21.10 1.43 
7C .68 16. 70 1.45 38.03 20.80 1.48 55.92 20.29 1.50 
98 .83 10.49 1.48 67.27 20.02 1.50 .123.30 18.84 1.48 
154 .53 10.09 1.52 122.1 18.90 1.46 231. 78 17.16 1.46 
182 .82 9.95 1.43 262.25 16. 76 1.4 7 286.53 16.44 1.49 
206 .13 9. 76 1.50 320.2 16.13 1.47 315.53 16. 20 1.46 
229 .62 .9.62 1.4 7 352.27 15.81 1.48 347.37 15.88 1.46 
313 .42 9.17 1.49 383.08 15.57 1.47 371.12 15. 66 1.47 
331 .30 9.06 1.49 00 12.67 CO 12.63 
357 .05 8.94 1.47 
380 .82 8.81 1.49 
1390 .87 5.85 1.43 
1458 .35 5.70 1.44 
j l 5 1 l .45 5.62 1.43 
1764 .00 5.18 1.45 ' 
cc - 2.47 
* 
un 1 [NH 3] o 0.05670M 
[Subbtrate] 
Run 2 [NH 3 ] o 
[ S u b s t r a t e l 
urn 3 
Mean 
0.02497M 
-2 - 1 - 1 (1.46-0.02) s 10 £ mole min 
0.2198M 
0.04934M 
^ N H 3 ] o 
[Substrate] 
(1.47*0.01) x 10~ 2 l mole^min" 1 
0.2196M 
0.04994M 
(1.4 7*0.01) x 10~ 2 i mole^min" 1 
(1.4 7-0.02 )• x I0~l i mole" 1 m i r " 1 
39. 
Pentaf liiorobenzonitrile + Ammonia in 80/20 Dioxan/Water at 24. 98°C 
Ruti 1 Run 2 
2 - 1 - 1 2 - 1 -1 Xjnie (min) T i t r e (ml) 10 k ( .e mole min ) Time (min) T i t r e (ml) 10 k ( j mole min ) 
0 21. 74 0 20.85 
43.97 19.52 2. 78 40.25 18.85 2.77 
64.53 18. 74 2. 75 72.00 17.66 2. 76 
84.37 - 18.04 2.78 94. 75 16.94 2. 78 
110.27 17.36 2. 71 124.83 16.25 2.68 
145.20 16.55 2.69 169.28 15.32 2.67 
1 71.50 . 16.05 2.67 194.42 14.87 2.68 
2 00.73 15.48 2. 73 222.25 14.45 2.67 
245.4S 14.85 2. 72 24?.92 14.16 2.67 
2188.20 14.30 2. 78 287.17 13.61 2. 70 
Run_ 1 [»H 3l o 0.2163M 
[Sjubstrate] = 0.04994M 
02.73 - 0:01) x 10" 2 & mole 2 . , -1 . -1 mm 
Run_2 [NH 3J o = 0.2061M 
[Substrate] = C.0502OM 
k = (2.71 - 0.02) x 10" 2 i mole^inin' 1 
Mean k = (2,72 0.02) x l O - 2 x mole'^nin" 1 
i 
40. 
Run 
Time (min) T i t r e (ml) l p \ ( j mole" *min""* ) Time (min) Ti tre (ml) 1 0 \ ( l mole *min *) 
Decafluorobiphgnyl + Ammonia i n 80/20 Dioxan/Water at 24.98°C 
Run 2 
0 21. 71 0 21.40 
1,284 21.57 4.72 2,747 21.10 4.87 
2,769 21.43 4.67 4,257 20.93 5.25 
5,079 " 21.15 5.09 8,501 20.58 4.69 
7,037 20.95 5.13 10,007 20.44 4.76 
3,463 20.83 4.96 11,477 20.25 5.04 
9,930 20.68 4.96 13,010 20.05 5.30 
ljl,345 20.49 5.30 14,506 19.92 5.27 
15,690 20.03 5.43 20,009 19.40 5.42 
17,125 19.92 5.34 21,554 19.27 5.41 
Run 1 [NH.J = 0.2171M — J o 
[Substrate] = 0.05150M 1 r o 
k = (5.07 - 0/09) x 10" 5 i mole^min" 1) 
Run 
[Substiate] * = 0.05036M 
k » (5.11 - 0.09) x 10" 5 £ mole'^nin" 1 
Meah k = (5.09 - 0.09) x l o " 5 JJ mole^min" 1 
2 [NH 3J o = 0.2110M 
o 
41. 
Pentafluoronitrobenzene + Ammonia in 60/40 Dioxan/Water at 25.00°C 
RuA 1 ' Run 2 
-1 -• 1 - 1 - 1 Time (min) Tilzre (ml) 10k ( j; mole min ) Time, (nviu) T i t r e (ml) 10k ( <j mo l a min ) 
1 
0 20.28 
5.15 18.98 1.39 
2.05 1 7. 70 1.28 
2U.77 - 16.41 1.27 
2.03 15.91 1.03 
41.01 15.20 1.03 
50.83 14.48 1.07 
59.03 13.26 1.40 
69.45 13.24 1.20 
78.53 13.22 1.07 
Run 
[S 
Ron 
0 20.30 
5.5 18.96 1.34 
14.33 17. 58 1.19 
23. 53 16.25 1.25 
33.67 15. 72 1.06 
40.33 15.04 1.12 
50.27 14.48 1.08 
60.05 13.40 1.31 
68.. 15 13.35 1.18 
78.73 13.15 1.10 
1 [NH ] = 0.2178M J o 
L i b s t r a t e ] Q = 0. 05005M 
k - (1.19 - 0*05) x 1 0 _ 1 JL mole""1min~1 
2 [NH 3I o = 0.2180M 
[S | i b s t r a t e ] o -• 0.05005M 
1 = (1.18 - 0.03) x l o " 1 £ mole" 1min~ 1 
Mean k = (1.19 - 0.04) x 10" 1 X mole^min" 1 
42. 
Run 
Timls (min) T i t r e (ml) lcAc ( i mole'^min"^) Time (min) T i t r e (ml) 10"'k ( j mole ^min'b 
0 10.58 0 10.60 
1,402 10.22 1.27 2,765 9.90 1.18 
336 " 9.65 1.19 5,651 9.24 1.29 
7,158 9.03 1.19 8,523 8.72 1.26 
10,060 8.42 1.26 11,395 8.23 1.30 
12,958 8.00 1.24 14,255 7.90 1.23 
15,856 7.60 1.24 17,148 7.52 1.20 
li3,63<!. 7.22 1.28 19/939 7. 18 1. 3.9 
2L.520 . 6.84 1.30 22,821 6.75 1.25 
2«i,384 6.52 1.29 25,695 6.48 1;27 
Run 
Run 
Chloropentafluoropyridine + ammonia in 80/20 dioxan/water at 88.24°C 
Run 2 
1 [NH 3] = 0.2116M 
[ S | i b s t r a t e ] o = 0.1000M 
(1.25 - 0.01)xl0" 4 X mole~1min"*1 
2 [NH 3] = 0.2120M 
[ S u b s t r a t e ] = 0.1000M 
>= ( 1 . 2 4 - O.ODXIO"^' i mole" 1min~ 1 
+ -4 «1 -1 Meaih k = (1.25 » 0.01) x 10 £ mole min 
4 3 . 
Bromopcntafluoropyridine + ammonia in 80/20 dioxan/water at 88.24°C 
RunJ. Run 2 
Time (tnin) T i t re (ml) l o \ ( j j mole min" 1) Time (min) T i t r e (ml) l o \ ( l m o l e ' ^ i n " 1 ) 
! 0 10. 70 0. 10.66 
i 
1,422 10.35 9.85 1,452 10.24 9.57 
7,190 - '9.58 8.28 4,377 9.82 8.33 
3,606 9.32 8. 74 7,272 9.33 9.08 
11,512 ' 8.92 8.51 10,115 8.98 8.93 
1^,405 8.48 8.87 13,055 8.70 8.51 
17,271 8.10 9.22 15,937 8.42 8.40 
2 3,424 7.83 9.17 18,726 8.05 8.81 
2 J,014 7.60 8.82 21,610 7.74 8.60 
2^,908 7.44 8.65 24,480 7.32 9.44 
Rur. I [ K H 3 ] Q - 0.2131M" 
[ S ^ b s t r a t e ] o = 0.09997M « 
I k « (8.90 - 0 . 1 5 ) x l 0 - 5 X m o l e ' ^ i n " 1 
Run 2 [ N H 3 3 Q = 0.2132 
[Substrate] = 0.09997M 
. i k • - (8.85 - 0.15)xl0~ 5 i m o l e " ^ i n " 1 
i 
- i . 
| • -
Meat1! k = -(8.88 - 0 . 1 5 ) x l ( f 5 I mole"'1m.in".1 
i 
1 9 F NUCLEAR MAGNETIC RESONANCE SPECTRA 
Spectrum Number Compound 
1 3-hydro-4-chloro-trifluoropyridine 
2 3-hydro-4-chloro-6-aminodifluoropyridine 
3 2-chlorotetrafluoropyridine 
4 2-chloro-4-amino-trifluoropyridine 
5 Para-amino-tetrafluorobenzonitrile 
6 Para-amino-tetrafluoronitrobenzene 
Chemical s h i f t s are i n p.p.m. r e l a t i v e to in t e r n a l CFC1 
45. 
S h i f t Assignment 
1. 
72.1 (Broad S) 
85.1 (Broad S) 
149.1 (D.D.D.) 
a 
c 
b 
2. 
3. 
J = 24 ab J v = 20 be 
Spectrum run as solution i n CCl^ 
74.6 (D) 
150.7 (D) 
'ab 24 
Spectrum run as solution i n CDCl^ 
84.8 (Broad S) 
137.0 (T.D.) 
140.1 (D.D.D.) 
159.3 (D.D.D.) 
ab 23 ac 16 ad 26 be = 16 
Spectrum run as pure l i q u i d . 
91.0 (T.D.) 
141.8 (D.D.) 
162.3 (D.D.) 
ab 23 ac 18 'be 14 
Spectrum run as solution i n CDCl^ 
a 
b 
a 
c 
d 
b 
bd cd 18 
a 
c 
b 
135.9 
160.9 
ab 12 
Spectrum run as solution i n CDCl^ 
a 
b 
S h i f t Assignment 
NH 
F 98.7 
112.7 a 
NO 
14 ab 
Spectrum run as solution i n CDC1 
INFRA-RED SPECTRA 
v 
Spectrum Number Compound 
1 3-hydro-4-hydrazinotrifluoropyridine ( s o l i d ) 
2 3-hydro-4-chloro-trifluoropyridine ( l i q u i d ) 
3 3-hydro-4-chloro-6-amino difluoropyridine ( s o l i d ) 
4 2-chlorotetrafluoropyridine ( l i q u i d ) 
5 2-chloro-4-amino-trifluoropyridine ( s o l i d ) . 
6 Pentafluorobenzonitrile ( l i q u i d ) 
7 Para-amino-tetrafluorobenzonitrile ( s o l i d ) 
8 Pentafluoronitrobenzene ( l i q u i d ) 
9 Para-amino-tetrafluoronitrobenzene ( s o l i d ) 
( l i q u i d ) 
( s o l i d ) 
- sample as contact f i l m between potassium bromide d i s c s . 
- sample compressed into thin d i s c with potassium bromide. 
48. 
< 0 
r 
i 
X-
4 
i 
50. 
r 
s 
r I 
i 
s 
51. 
IL fc 
2 
r s 
8 
»> 
REFERENCES 
1. J . Meisenheimer, Annalen, 1902, 323, 205. 
2. S. Sekiguchi, T. Hagaki et a l . Tetrahedron, 1973, 29, 3527. 
3. K.T. Leffeck and P.H. Trenialne, Can. J . Chem., 1973, 51, 1659. 
A. J.D. Roberts and M.C. Caserio, Basle P r i n c i p l e s of Organic 
Cheiqistry, W.A. Benjamin, I n c . New York, 1964. 
5. K.A. Cooper and E.D. Hughes, J . Chem. Soc., 1937, 1183. 
6. J:F. Burnett, Quart. Revs. 1958, 12, 1. 
7. F.A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, 
- 2nd Edn., I n t e r s c i e n c e , London, 1966. 
8. A.L. Beckwith, J . M i l l e r and G.D. Leary, J , Chem. Soc., 1952, 3552. 
9. J . M i l l e r , J . Amer. Chem. Soc., 1963, 85, 1628. 
10. J.A. Godsell, M. Stacey and J.C. Tatlow, Nature, 1556, 178, 199. 
11. E. Nield, R. Stephens.and J.C. Tatlow, J.,Chem. Soc., 1959, 166. 
12. E . J . Forbes, R.D. Richardson, M. Stacey and J.C. Tatlow, J . Chem. 
Soc., 1959, 2019. 
13. J.M. B i r c h a l l and R.N. Haszeldine, J . Chem. Soc,, 1959, ?.3. 
14. G.M. Brooke, J . Burdon, M. Stacey and J.C. Tatlow, J . Chem. Soc., 
1960, 1768. 
15. E . J . Forbes, R.D. Richardson and J.C. Tatlow, Chem. and Ind. 1958, 
63. 
16. J . Burdon, W.B. Hollyhead and J.C. Tatlow, J . Chem. Soc., 1965, 
5152. 
17. G.G. Jacobsbn, Zh. Org. Khim., 1970, 6 ( 3 ) , 512 (Russ). 
18j b7i. Al s G p r J . Burdon""and"j7C."Tatlbw, J." Chem. Soc., 1962, 1801. 
19. J . Burdon, P.L. Coe, C.R. Mash and J.C. Tatlow, Tetrahedron, 1966, 
22, 1183. 
20. B.R. L e t c h f i e l d , C.R. P a t r i c k and J.C. Tatlow, J , Chem. Soc. 1964, 
1776. 
53. 
21. M.T. Chaundhry and R. Stephens, J . Chem. Soe., 1963, 4281. 
22. R. Robson, T.A. Smith, R. Stevens and J.C. Tatlow, J . Chem. Soc., 
1963, 3692. 
23. J.G. Allen, J . Burdon and J.C. Tatlow, J . Chem. Soc., 1965, 6329. 
24. J . Burdon and D.F. Thomas, Tetrahedron, 1965, 21, 2389. 
25. G.M. Brooke, J . Burdon and J.C. Tatlow, J . Chem. Soc,, 1961, 802. 
26. J.C. Allen, J . Burdon and J.C. Tatlow, J . Chem. Soc., 1965, 1045. 
-27. ' J . Burdon and W.B. Hollyhead, J . Chem. Soc.. 1965, 6326. 
28. J.Burdon, Tetrahedron, 1965, 21, 3373. 
29. H.B. Zimmerman, Tetrahedron. 1961, 16, 169. 
30. D.T. Clark, J.N. Murrell and J.M. Tedder, J . Chem. Soc., 1963, 
1250. 
31. J.S. Waterhouse, Ph.D. Thesis, Durham, 1973. 
32. R.D. Chambers, W.K.R. Musgrava, J.S. Waterhouse, D.I.H. Williams, 
J . Burdon, W.B. Hollyhead and J.C. Tatlow, J.C.S. Chem. Comas., 
1974, 239. 
33. R.D. Chambers, J.S. Waterhouse, D.L.H. Williams, J . Chem. Soc., 
Perkin I , submitted for publication. 
34. R.6.. Pearson, Chem. B r i t . , 1967, 3, 103; J . Chen. Educ., 1968, 45, 
581, 643. 
35. M. L i v e r i s and J . M i l l e r , J . Chem. Soc., 1963, 3486. 
.36. J . M i l l e r , Aromatic Nucleophilic Substitution, E l s e v i e r , Amsterdam, 
1968, p.126. 
.37. . R.D. Chambers, D. Close, J.S. Waterhouse, D.L.&. Williams, 
» 
J . Chem. Soc., Perkin I I , submitted f o r publication. 
38. J . Burdon, W.B. Hollyhead, C.R. Pa t r i c k and K.V.. Wilson, J . Chem. 
Soc., 1965, 6375. 
39. K.C. Ho and J . M i l l e r , Austral. J . Chem., 1966, 19, 423. 
54. 
40. C.K. Ingold, Structure and Mechanism in Organic Chemistry, 
2nd Edn., B e l l and Son Ltd., London, 1969. 
41. A.I. Vogel, P r a c t i c a l Organic Chemistry, 3rd Edn., Longman's Ltd., 
London, 1956. 
